When the seabed is vibrating due to earthquake, not only the compression waves in seawater but also the free surface waves occur at the same time and these interact with each other. In this paper, the wave elevations on free surface interacted with compression waves caused by earthquake is numerically studied.
Introduction
Nowadays very large floating structures have been proposed for many applications such as airports1), storage and manufacturing facilities. This demand comes from the lack of adequate land space and/or environmental concerns such as pollution and noise. The marine structures are generally considered to be aseisrnatic design. However, there are many reports2) for the damages of floating structure caused by a seaquake. Seaquake is caused by propagation of seismic motion of seabed through seawater. There have been some studies for the effects of seaquakes3)4)5). When the seabed is vibrating due to earthquake, not only the compression waves in seawater but also the free surface waves occur at the same time and these interact with each other. The wave elevations due to earthquake may affect on a floating body. And the interaction between the generated waves on free surface by earthquake and compression wave may be one item to be consideration with a viewpoint of the safety for a floating body. We may not ignore the wave elevations on free surface caused by earthquake.
One of authors made clear in previous reports6)7 that there is resonance corresponding to the eigen-value of the boundary problem on the seismic waves which are form of compression waves. And it was also cleared the effects of seismic waves acting on the floating body8)9). However there has no study on the interaction between free surface waves and the compression waves due to earthquake.
The main purpose of this paper is the investigation of the interaction between wave elevations on free surface and compression waves by earthquake. In order to obtain the solution of the seismic wave fields, we are calculating the compression wave field in three dimensional time domain by using the Boundary Integral Equation Method (BIEM). The calculated results are shown as quantitative amount of the wave elevations on free surface.
Problem formulation
We make the assumption that the fluid is inviscid, irrotational and compressible.
Let us suppose that a homogeneous medium is bounded by free surface z=0 and by the rigid sea bottom z=h as shown in Fig. 1 . Table 1 shows the dimensions of considered field.
2.1•@Kernel Function
The compression wave field will be specified by the velocity potential ƒÓ(x,y,z;t) and satisfies the following wave equation.
(
The velocity potential must fulfill the following boundary conditions : (2) where c is the underwater sound velocity, v. is the normal velocity on the epicenter and SF, SB and S E denotes the free surface, the sea bottom surface and the epicenter, respectively. The kernel function G(P, Q; t) in compression wave field which satisfies the radiation condition and the bottom boundary condition is introduced as follows : (3) where H is Heaviside's function, a is Dirac delta function, P is a point in the compression wave field, Q is a point of the wave source and h is the water depth.
Boundary Integral Equation
The velocity potential on the boundary surface ( P0 ) in the considered region are obtained by using kernel function as follows : (4) (5) Substituting equation (3) into equation (4), we can obtain the velocity potential on SE as follows : (6) The Delta function and its derivative have the following relation.
Substituting equation (7) into equation (6), we can get the following equation.
Similarly, the velocity potential on SF and SB are written as follows : Table  2 .
The effect of acceleration of epicenter on free surface elevations will be made clear by comparison between condition 1 and condition 2. Furthermore, the effect of size of epicenter on free surface elevations will be also made clear by comparison between condition 1 and condition 3. The area of epicenter in condition 3 is twice of it in condition 1.
The vibrating sea bottom, so called epicenter, is vibrated as one shot pulse and the frequencies 0.3, 5 and 100 Hz. Fig. 2 shows one of time history of epicenter.
[mm]
(a) condition 1 (b) condition 2 (c) condition 3 The calculated wave elevations that non-dimensionalized by vibrating amplitude of epicenter are shown in Fig. 3 to 6 . As is evident from Fig. 3 (a) and (b) , the wave elevations become larger in proportion to the acceleration of epicenter. Namely, the wave heights in case of 1.0 g become twice of those in case of 0.5 g. On the other hand, it is clear that the wave elevations don't become so large by the comparison between Fig. 3 (a) and (c). From these results, we may say that the effect of acceleration of epicenter is larger than the effect of size of epicenter. This tendency is same in the case of other frequencies as shown in Fig. 4 and Fig. 5 . Furthermore, it is also clear that the wave elevations become smaller with the increase of the vibrating frequency of epicenter.
Resonance frequency
The resonance frequency of compression wave between free surface and sea bottom is calculated as following equation :
The resonance frequency (Hz)
From eq. (10), the first resonance frequency is to be 375 Hz for the water depth=1.0 m of our model. We carried out the calculation of the wave elevation at the first resonance frequency. However, the calculated wave elevation is very small because of high frequency. As a result, we may be able to consider only the effect of compression wave in high frequency.
Effect of floating body on wave elevations
Finally, we considered the effect of rigid floating body on free surface wave elevations. Fig. 6 shows the calculated free surface elevations with rigid floating body that the radius is 2.0 m and the draft is 0.3 m, right over the epicenter.
It is clear that the free surface elevations near the floating body become larger than the wave elevations in case of without floating body. It is considered that this is the interaction of rigid floating body, free surface and compression wave. In that sense, we may say that we have to consider not only free surface elevation but also compression wave, when we estimate the seaquake force acting on the floating body, especially for low frequency.
Conclusions
The free surface wave elevation interacted with compression waves in seawater due to a vibrated sea bottom was calculated numerically. The results may be summarized as follows : (1) The wave elevation in case of low frequency is larger than that of high frequency.
(2) The effect of acceleration of epicenter on the wave elevations of free surface is larger than that of size of epicenter (3) When we estimate the seaquake force acting on floating structure, we have to consider not only free surface wave but also compression wave, especially for low frequency.
